The study was set up to evaluate the impact of two commercial larvicide formulations, Bacillus thuringiensis serovar israelensis base (Bti) at 15 ppm/1 min and temephos at 0.03 ppm of active ingredient, used to control Simulium pertinax populations, on associated non-target entomofauna occupying the same breeding sites.
The main program for the control of Simuliidae in Brazil is being conducted on the northern coast of the state of São Paulo, near the slopes of the Serra do Mar massif. The municipalities of this region rely basically on the tourist industry as their source of income (Araújo-Coutinho & Lacey 1990 ). Initiated in 1957, and in operation without interruption until now, this program encompasses 1 456 simuliid breeding places distributed over an area of 893 km 2 (Araújo-Coutinho 1995a) .
Resistance of Simulium pertinax to temephos has been known since the 1980's (Ruas Neto 1984) . As this is the most important simuliid species in the coastal areas of the states of Rio de Janeiro and São Paulo (Araújo-Coutinho et al. 1988 , the program for its control switched to the exclusive use of Bacillus thuringiensis serovar israelensis (Bti) formulations in littoral São Paulo (Araújo-Coutinho 1995b) .
Even though the routine use of Bti in the state of São Paulo has satisfactorily kept S. pertinax populations within tolerable limits, further study became necessary to evaluate the impact of more than a decade of uninterrupted use of Bti on non-target organisms occurring in simuliid breeding sites. Such information is essential for cost-benefit analysis in connection with the program.
This investigation aims to evaluate and compare the impact, on non-target associated entomofauna occurring in S. pertinax breeding sites, of commercial larvicide formulations with Bti and temephos, respectively, used for the control of Simuliidae.
The choice for those agents' is justified because they are the most efficient larvicides in programs of simuliids control (Andrade & Castelo Branco Jr. 1990) , and although there are some information about the resistance of S. pertinax to temephos in certain areas, it continues to be efficient in other areas (Kurtak et al. 1987) . The knowledge of the those agents' impact in non-target organisms will be very important in programs of integrated control of simuliids, because the impact is one of the main factors in the cost/benefit analysis.
MATERIALS AND METHODS
The investigation was carried out from February 1995 to January 1997 in the municipality of Paraty, state of Rio de Janeiro, along the slopes of the Serra do Mar massif (latitude 23º13'S, longitude 44º45'N). The rivers Pedra Branca and Muricana, the latter a tributary of the former, were selected for the study. In both rivers, cascades, flowing over rocks, and slow moving waters flowing over a stratum of sand, are found. According to the classifica-tion by Anderson and Dicke (1960) , they are "young streams".
To the river Pedra Branca, a commercial formulation of Bti was applied fortnightly at the concentration of 15 ppm/ 1 min. This concentration is used in the program for the control of Simuliidae on the northern coastal region of the state of São Paulo (Araújo-Coutinho 1995b).
To the river Muricana, an emulsifiable temephos formulation, at the concentration of 0.03 ppm of active ingredient for 5 min, was also applied fortnightly. This concentration has been used during the 1970's in the program for the control of simuliidae on the northern coastal region of the state of São Paulo (Sucen 1977) .
Both breeding sites were divided into two sections: control, upstream from the larvicide application points; treated, downstream from such points. Two sampling sites each treatment and control zone were marked out: slow water and cascade respectively. Both were sampled fortnightly. To collect associated entomofauna, six artificial substrata (fiberglass plates, 0.33 by 0.22 m each, with an internal lead ballast to prevent their dislodgement) had been placed as a chain, from one to the other margin of the river, into each sampling site 30 days previously. These artificial substrata are modified, more durable versions of the ceramic ones recommended by Lewis and Bennett (1974) .
From both surfaces of the substrata, larval stages of entomofauna attached to them were removed and preserved in 70% ethanol, labeled with date and site of collection, and sent to the laboratory for identification and counting.
Monthly abundance (specimens/m 2 ) was recorded to estimate population density of the entomofauna at each sampling site, grouped by families, with the exception of S. pertinax, the target species of the control activities.
From 10 AM to 11 AM of the same day of the collection of biotic material, the following abiotic data were collected: air temperature (ºC), relative humidity (%), water speed (m/s), river flow (m 3 /min), depth of the breeding site at the sampling site (m), pH, water temperature, dissolved oxygen (mg/l), concentration of ammonia (%) and biological demand for oxygen (mg/l).
Rainfall data (mm) were obtained from the Meteorological Office of the Center for Agricultural Research, State University of Campinas, São Paulo. "Student's t" test for paired data (difference between two means) was applied to evaluate differences between the means of abiotic data. The same test was applied to evaluate the significance of differences in abundance of entomofauna in both treated and control sections on each river.
RESULTS
Abiotic data of the region under study: air temperature (ºC) -During the period of the study, the mean temperature was 24.93ºC (sd = 2.25ºC). The maximum temperature was recorded (40ºC) in November 1995 and the minimum (12ºC) in July 1996. Relative humidity (%) -During all the period of study, high levels of humidity were observed, with a mean of 89.89% (sd = 4.53%). The maximum 96%, was recorded in August 1996 and the minimum 81%, in August 1995.
The above-mentioned data pertained to the whole region; climatic oscillations within the short distance separating the rivers under study would not be detected by the instruments used.
Abiotic data recorded from breeding places (Table I ) -Data records refer to measurements by the river section. In view of the short distance between sections, oscillations in the chemical composition of the water would not be detected, given the instruments used. As there are no branches flowing in or out of the rivers between the observation sites, measuring flow only within sections is viable.
No significant differences (5%) were observed in chemical composition when rivers or sections were compared. Concerning the physical aspect of flow, a considerable difference was observed between the rivers, which had already been expected, as the river Pedra Branca is much larger than the river Muricana.
Abiotic data recorded within the sampling sites (Table  II) -Data pairs from each river were analyzed: control cascade section (CC), compared to treated cascade section (TC) and control slow water section (CS) compared to treated slow water section (TS). No significant differences were found (5%) between the data pairs compared.
Entomofauna -From the control section of the Muricana river, 11 624 specimens were collected, 8 758 (75.34%) of which belonged to the species S. pertinax. The remaining 2 866 specimens (24.66%) were distributed into six families (Table III) , of which Hydropsychidae (1 681 specimens, 58.65%), and Megapodagrionidae (one specimen, 0.03%) were the most and least prevalent respectively.
From the treated section of the river Muricana, 5 675 specimens were collected, 4 648 (81.90%) of which belonged to the associated entomofauna (Table III) . Hydropsychidae (3 679 specimens, 79.15%), and Megapodagrionidae (20 specimens, 0.43%) were the most and least prevalent respectively. For the species S. pertinax, 1 027 specimens (18.7% of the total) were collected.
Concerning S. pertinax (Table IV) , CC/TC and CS/TS ratios indicated important reduction in mean abundance: 86% in the TC and 80.77% in the TS sampling sites. Only the first was found significant (CC/TC: t = 4.99; p < 0.05 and CS/TS: t = 1.01: P > 0.05).
Concerning the family Simuliidae (Table IV) , TC and TS sampling sites showed a reduction in mean abundance when compared to CC and CS respectively. Although an evident reduction (75.22%) was observed in TC and a modest one (13.33%) in TS, neither was statistically significant (CC/TC: t = 1.90; P > 0.05 e CS/TS: t = 0.14; P > 0.05).
Concerning the family Chironomidae (Table IV) , the observation post TS showed a moderate reduction in mean abundance (30.90%) relatively to CS, but this was not statistically significant (t = 0.85; P > 0.05). The ratio CC/ TC, the high percentage of reduction notwithstanding (57.26%), was not statistically significant ( t = 1.13; P > 0.05).
Concerning the families Bactidae, Blephariceridae, Megapodagrionidae and Hydropsychidae (Table IV) , no decrease in population was observed when control and treated sections of both rivers were compared.
From the river Pedra Branca control section, 22 119 specimens were collected, 13 479 (60.94%) were S. pertinax and 8640 (39.06%) were associated entomofauna (Table III) . Of this group, the most and the least prevalent families were Hydropsychidae (6 410 specimens, 74.19%) and Megapodagrionidae (two specimens, 0.02%).
From the treated section of the river Pedra Branca 13 831 specimens were collected, of which 1 718 (12.42%) of S. pertinax and 12 113 (87.58%) of the associated entomofauna (Table III) , 6 939 (57.29 %) of them belonging to the family Hydropsychidae, the most abundant, while Simuliidae were the least abundant (46 specimens, 0.38%). A comparison between the abundance means of S. pertinax in sections CC and TC revealed a sharp drop in the abundance ratio (88.16%; t = 6.56 P < 0.05), about the same which occurred in the ratio of CS to TS (97.4% ; t = 1.65 P > 0.05). However, only the ratio CC to TC was statistically significant (Table IV) .
A considerable reduction in the abundance ratio CC to TC (75.91%) in family Simuliidae was observed, but it was not statistically significant (t = 1.83 P > 0.05). In connection with sections CS and TS, given the resulting ratio, no statistical test was necessary.
No reduction in abundance was observed concerning the families Chironomidae, Bactidae, Blephariceridae, Megapodagrionidae and Hydropsychidae (Table IV) in treated and control sections.
DISCUSSION
The climatic conditions observed in the region under study, as well as the physicochemical variables measured at the sampling sites of the Muricana and Pedra Branca rivers, were within the limits of those observed by Araújo-Coutinho et al. (1999) in the same region. This means that, concerning abiotic factors, the period chosen for the study was by no means atypical.
A further physicochemical peculiarity of both rivers stands out from the rest: no statistically significant differences were detected when control and treated section means were compared. Characterized as a single exception to this assertion, the variable depth in slow water sampling sites was different in each river. However, taking into account the low representativeness of the fauna in those sites, such occurrence does not invalidate the assumption that physicochemical factors did not affect the mean abundance of the local fauna. It can thus be inferred that larvicides were the only factors not common to both control and treated sections.
Associated entomofauna samples, collected from both rivers, showed a remarkable similarity to each other and to those from the same region described by Araújo-Coutinho et al. (1999) and by Dellome-Filho (1986) in the state of Paraná, in connection with S. incrustatum. However, in spite of such a close similarity, prevalence data differed. These authors pointed out that the family Chironomidae was predominant, but the present investigation revealed a predominance of the family Hydroprychidae.
The marked reduction in the number of S. pertinax specimens found in the treated section of Muricana river occurred as expected. Since the 1970's temephos has been widely recommended for controlling simuliid populations (Back & Hamper 1979) and, more specifically, for controlling S. pertinax populations in coastal São Paulo (Sucen 1977) . This confirms the efficacy of temephos in suppressing simuliids in regions where the target population has not developed resistance to it.
The rather marked reduction in the percentage of S. pertinax populations in slow water was not, however, statistically significant. This may be due to the inconsistent seasonal distribution observed in this region as, characteristically, this species is not well adapted to such environments (Araújo-Coutinho et al. 1999 ).
On account of the absence of homogeneous seasonal distribution in the family Simuliidae, no conclusion could be drawn about the effect of temephos on it. Nevertheless, it can be inferred that this larvicide had actually a role in the reduction observed, for temephos is recognizsably an alternative means of controlling populations of this family. It may not be possible to attribute the observed 30.9% reduction in number of Chironomidae population to the action of temephos, as a cause-effect relation, owing to the fact that the variation from the expected values was not statistically significant. On the other hand, it would be unwise to reject the hypothesis of some action of the larvicide, as the non-significance may be attributed to changes in abundance observed in the course of this study.
A substantial number of reports on the high susceptibility of the family Chironomidae to temephos gives added weight to such considerations, which apply to species adapted to lentic (Wallace et al. 1973 , Mulla et al. 1975 , Ali & Mulla 1976 as well as to lotic (Dejoux 1977 , Wallace & Hynes 1981 environments.
Contrary to the studies of Quellenec (1970), Wallace and Hynes (1981) and Wallace et al. (1973) , demonstrating the action of temephos on immature Ephemeroptera and Trichoptera, it can be said that the fauna composed of families Bactidae and Hydropsychidae was not affected by temephos at the concentrations currently used: no reduction was observed in the mean abundance of either one of the families.
Low representativeness and seasonal distribution of abundance are obstacles to any analysis of the impact of temephos on the families Blephariceridae and Megapodagrionidae.
During a study in the same region, Araújo-Coutinho et al. (1999) had already observed irregular distribution and low abundance of these families. It can be thus inferred that such families are the least representative of the entomofauna associated to S. pertinax. Further research, chiefly on Megapodagrionidae, is recommended as, taking into account the studies of Gorayeb and Pinger (1978) , members of this family were observed to prey on Simulium larvae and de Moore and Breeland (1967) demonstrated the susceptibility of the order Odonata to temephos.
The high susceptibility of S. pertinax to Bti at the concentration applied during the present evaluation had already been expected, as this is the chief control agent in use for abatement of simuliid populations in areas where the target is mainly represented by S. pertinax (Araújo-Coutinho 1995b) .
Concerning the statistical non-significance in the reduction observed in the simuliid abundance, this may be related to both their low occurence during the course of the study. It would not be advisable to think of such a statistical inference as absolutely reliable, taking into consideration the results of several studies which testify to the high susceptibility of many species of Simuliidae to larvicides with Bti base, such as S. verecundum ) and S. damnosum (Lacey et al. 1982) .
Reports in the literature on the effect of Bti on Chironomidae larvae in lotic environments are quite conflicting, as attest the studies by Lacey et al. (1982) , in the Ivory Coast and Merrit et al. (1989) in the United States of America. The latter did not observe any reduction in the Chironomidae population after using a Bti concentration of 1.6 ppm applied during 10 min. On the other hand, Dejoux et al. (1985) , in the Ivory Coast, de Moor et al. (1986) , in South Africa, and Molloy (1992) in the United States, reported a population reduction by using the same concentration of Bti. Regarding the species adapted to lentic environments, field and laboratory experiments have demonstrated the high susceptibility of certain chironomid species to Bti formulations (Rodcharoen et al. 1991 , Kondo et al. 1992 , Charbonneau et al. 1994 ). However, the results of the present investigation attest that the members of the family Chironomidae found on the slopes of Serra do Mar were not affected by the Bti concentrations used in this study.
The results observed concerning the family Chironomidae apply to Hydropsychidae. Undeen and Colbo (1980) , studying the efficacy of Bti against S. verecundum in Canada, did not observe any effect on the order Trichoptera. Similar results were reported by Merrit et al. (1989) , concerning specifically the family Hydropsichidae. On the other hand, Dejoux et al. (1985) , and de Moor et al. (1986) , working in the African continent, reported an effect of Bti on these insects. It is possible that the effects were due formulation components rather than toxins of the bacterium.
Our results concerning the family Hydropsychidae, based on mean abundance, did not reveal any susceptibility of this population to Bti. Further study on this family is justified as, in addition to being the most prevalent of the associated entomofauna with S. pertinax, this family preys on simuliid larvae (Gorayeb & Pinger 1978) .
The results of studies on Bactidae unanimously agree about the lack of susceptibility of this family to Bti , Merritt et al. 1989 . The present study arrived at similar results: no reduction was observed in the mean abundance in the treated section.
Reports on the family Blephariceridae were not found in the literature. With regard to its susceptibility to Bti, the results do not indicate any efficacy against such Diptera.
As observed in connection with the effect of temephos on non-target entomofauna, the family Megapodagrionidae from the river treated with Bti did not present enough prevalence nor seasonal abundance to allow analysis.
It can be stated that both larvicides used in this investigation gave similar results without negative environment impact, although they have active ingredients and modes of action that are completely different.
